Concentration gradients of homovanillic acid (HVA), 5-hydroxyindoleacetic acid (5-HIAA), and 3-methoxy-4-hydroxyphenylglycol (MHPG), were assessed in 762 successive CSF fractions (2 ml lumbar CSF) from 15 patients with the adult hydrocephalus syndrome (AHS) and 11 patients with hydrocephalus of other causes (mixed group). A mean volume of 49*6 (SD 11.8) ml CSF was removed in the AHS group and 56-4 (10-2) ml in the mixed group. The CSF was collected with a specially designed carousel fraction collector and the corresponding CSF dynamics were continuously registered by a constant pressure CSF infusion method. Pronounced gradients in CSF HVA and CSF 5-HIAA were seen in both patient groups in the first 25 ml of CSF removed. The concentration curves levelled off, despite the removal of larger amounts of CSF and stabilised at about twice the initial concentrations. This phenomenon has not been described before. Concentrations of HVA and 5-HIAA in the first CSF fraction correlated strongly with concentrations in fractions up to about 40 ml. A positive correlation between the first fraction of CSF HVA and CSF 5-HIAA concentrations and CSF outflow conductance was found in the AHS group. There was no gradient in MHPG. It is suggested that the rostrocaudal gradients in CSF HVA and 5-HIAA may be explained by a downward flow of CSF along the spinal cord with absorption of metabolites occurring during passage. Mixing of CSF from different CSF compartments, extraventricular production sites of CSF, clearance of metabolites to venous blood or extracellular fluid, and CSF outflow conductance are probably important determinants of the plateau phase in patients with hydrocephalus. It is concluded that lumbar CSF does not exclusively reflect the concentrations of HVA, 5-HIAA, or MHPG in the ventricles. It should be noted that these results obtained in patients with hydrocephalus may not be applicable to other groups of patients or normal subjects.
49*6 (SD 11.8) ml CSF was removed in the AHS group and 56-4 (10-2) ml in the mixed group. The CSF was collected with a specially designed carousel fraction collector and the corresponding CSF dynamics were continuously registered by a constant pressure CSF infusion method. Pronounced gradients in CSF HVA and CSF 5-HIAA were seen in both patient groups in the first 25 ml of CSF removed. The concentration curves levelled off, despite the removal of larger amounts of CSF and stabilised at about twice the initial concentrations. This phenomenon has not been described before. Concentrations of HVA and 5-HIAA in the first CSF fraction correlated strongly with concentrations in fractions up to about 40 ml. A positive correlation between the first fraction of CSF HVA and CSF 5-HIAA concentrations and CSF outflow conductance was found in the AHS group. There was no gradient in MHPG. It is suggested that the rostrocaudal gradients in CSF HVA and 5-HIAA may be explained by a downward flow of CSF along the spinal cord with absorption of metabolites occurring during passage. Mixing of CSF from different CSF compartments, extraventricular production sites of CSF, clearance of metabolites to venous blood or extracellular fluid, and CSF outflow conductance are probably important determinants of the plateau phase in patients with hydrocephalus. It is concluded that lumbar CSF does not exclusively reflect the concentrations of HVA, 5-HIAA, or MHPG in the ventricles. It should be noted that these results obtained in patients with hydrocephalus may not be applicable to other groups of patients or normal subjects. There is a correlation between transmitter concentration at these specific topographic origins and ventricular CSF.78 In humans, however, the use of ventricular CSF, brain biopsy, or microdialysis of the extracellular fluid are possible only during certain neurosurgical operations or at necropsy.
Lumbar puncture is the most important and widely used diagnostic tool in the study of monoamine metabolite concentrations and findings in lumbar CSF are commonly assumed to be similar to those in ventricular CSF. This assumption is supported by rostrocaudal CSF gradients9-"2-that is, the finding of decreasing concentrations of substances in the spinal subarachnoid space the further from the brain the CSF is removed. Rostrocaudal gradients of HVA and 5-HIAA, and to a lesser extent, of MHPG, have been described (table 1) (6 4) years) satisfied the inclusion At the time of inclusion, 24 of the 27 patients had disturbance of gait, alone or in combination with dementia or incontinence, and two had focal neurological signs, two complained of headache, one of vertigo, and two were asymptomatic.
All patients underwent the following laboratory investigations to determine the diagnosis and to exclude reversible and treatable causes of dementia: full blood count; urine analysis; erythrocyte sedimentation rate; serum electrolytes; tests of hepatic, renal, and thyroid function; blood glucose; antinuclear antibodies; serum cholesterol and triglyceride concentrations; syphilis and Borrelia serology; plasma protein electrophoresis; serum B1 2/folic acid; CSF protein and cell count. CT and, usually, MRI were also included.
After investigation, the 27 patients were categorised as follows: the adult hydrocephalus syndrome5 (gait disturbance, dementia and/or incontinence, dilated ventricles, and no obvious cause such as subarachnoid haemorrhage, meningitis, or trauma), 15 patients; multi-infarction dementia,28 four; Alzheimer dementia (NINDS-ARDRAS criteria,)29 one; idiopathic intracranial hyperten- CSF formation rate (mm3/s)
Values are means (SD).
sion (increased CSF pressure, unknown cause),'0 one; alcoholic dementia (daily abuse for many years, no other cause), one; hydrocephalus of unknown cause, five. According to the diagnosis, patients were categorised as two groups: AHS (15 patients) or mixed (12 patients) groups. One patient in the mixed group was excluded because of a non-functioning lumbar puncture needle. Table 2 summarises the characteristics of the two groups. There were no significant differences concerning physical, clinical, or CSF hydrodynamic variables between the AHS and mixed patient groups (Student's t test). Two patients were taking benzodiazepines, two antidepressants, and another two anticholinergic drugs (terodiline). None was on neuroleptic medication. Data on CSF from these patients did not differ from the rest of the study group.
Consent for all aspects of the study was obtained from all the patients after explanation of the investigation procedure and possible risks.
CSF HYDRODYNAMIC STUDIES
The CSF hydrodynamic studies were performed according to Ekstedt." Briefly, at 0800, after 12 hours of bed rest but without fasting, two needles were inserted in the L3-L4 interspace by a very experienced investigator. The patient was then allowed to lie supine with the zero pressure reference level at the cranial sagittal centre. The needles were connected to pressure transducers by means of plastic tubes filled with artificial CSF. At application, loss of CSF was between 0-5-2-0 ml in each patient. Pressure of CSF was continuously recorded via one of the needles. The other needle could be used for infusion of artificial CSF or drainage and CSF sampling via a three way tap (see later). The CSF resting pressure (Pc1) was measured when the resting recording had been stable for at least 10 minutes. Thereafter, the CSF sampling started (see later). The examination ended with determination of the conductance (Gop; the inverse of resistance to CSF outflow). This was done by applying a number of different pressures to the CSF space while recording the resulting inflow of artificial CSF. Thus within a few minutes a stable flow at a stable pressure was obtained. Usually, three different pressure/flow values were sought for each patient. The volume accounting method was used to calculate the pressure/flow relation. The slope for the pressure/flow values is equal to Go.p CSF 
SAMPLING
The needle was connected to a plastic tube that ended with an injection needle, the point of which was fixed at a height of the zero reference level for the pressure measurements. The point of the needle was adjusted to 1 cm above one of the 12 test tubes of a specially designed carousel fraction collector, placed on a digital precision balance. An electronic device rotated the carousel 1/12 of a turn each time the balance recorded a preset weight increase from the moment of the last change of test tube. A 2 g (= 2 ml) weight increase was used but any value could be chosen. Immediately a test tube was filled, it was placed in the freezer (-70°C). For the first test tube a value equal to the amount of artificial CSF in the plastic tubing was chosen and this fraction of CSF was discarded. The CSF pressure was about 0-2 kPa during the collection period, well below the pressure in the sagittal sinus. Thus when the CSF pressure had stabilised at this level, no CSF could escape through the arachnoidal villi into the sagittal sinus. The rate of CSF outflow thus corresponded to the CSF formation rate. ASSESSMENT (table 2) between the AHS and the mixed groups were evaluated by Student's unpaired t test. Linear regression analyses between physical, clinical, and CSF hydrodynamic variables v the first CSF fraction of the CSF metabolites were performed where the regressors were tested in the models with a t test (HO = 0) and regarded as statistically significant when the corresponding p value was below 0 05. The concentrations of transmitter metabolites were plotted against CSF fractions with 95% confidence intervals.
Results
There were no serious adverse events during the CSF hydrodynamic investigation or removal of CSF. The duration of the CSF pressure recording was 43 0 (SD 10.9) minutes in the AHS and 44-9 (14-9) minutes in the mixed group. The duration of the drain, where the CSF pressure is lowered by passive removal of CSF, was 66-8 (20.4) minutes in the AHS and 63-7 (21-2) minutes in the mixed group. The estimation of CSF formation rate started when the CSF pressure had stabilised at 0-2 (0 2) kPa in both groups. The duration of the CSF formation rate appraisal was 35-4 (16-7) minutes in the AHS and 42-2 (19-7) minutes in the mixed group. 49-6 (11 8) ml CSF was collected in the AHS and 56-4 (10-2) ml in the mixed group. There were. no significant differences in these variables between the AHS and mixed groups.
Mean values of CSF homovanillic acid (HVA) concentrations were plotted against CSF fractions in the AHS ( fig 1A) and mixed group ( fig 1B) . CSF concentrations are presented as a ratio of the first CSF fraction to compensate for interindividual variations of initial CSF HVA values. A similar pattern of increasing HVA concentrations was found during the first 25 ml in both the AHS and mixed groups. In subsequent (27-59 ml) fractions, a plateau was reached with no further increase in CSF HVA concentration.
Similarly, increased concentrations of 5-HIAA were seen in the first 25 ml in patients in both the AHS and mixed groups, although no further increase was seen in fraction 27-59 ml (fig 1C,D) . No gradient of CSF MHPG concentration was seen in either the AHS or mixed groups (fig 1E,F) . Figure 2A shows the relation between the first fraction of CSF HVA concentration and CSF fraction (ml) CSF fraction (ml) after withdrawal of more than 25 ml of CSF (Fig 1 A-D) . Also we confirmed our previous report of a positive linear relation between oo - (table 1) . Also, a limited number of patients, inconsistencies in diagnosis, removal of small quantities of CSF, or interference with analyses because of injection of gas, and inconsistencies in body position during lumbar puncture (table 1) nerve roots has been suggested. ' CSFflow to andfro (fig 3C) In the absence of CSF spinal formation and spinal CSF absorption, there will be no net flow through the foramen magnum and the concentration curve of CSF HVA will be close to zero in the first fractions. Because of diffusion and the impelling forces of the spinal CSF (perpetual variations in volume during cardiac systole, respiration, talking, coughing, sneezing, straining, or changing body position),2637 there will be a to and fro motion of CSF between the spinal and supraspinal compartments. From zero, the concentrations of CSF HVA would steadily increase in ensuing fractions ( fig 3G) .
In conclusion, the rostrocaudal gradients of CSF HVA and CSF 5-HIAA may be predicted by a spinal CSF flow directed downwards, CSF absorption, and clearance of acidic metabolites at the spinal level. There was no rostrocaudal gradient of MHPG, which was an expected finding considering that the neutral glycol MHPG diffuses freely and rapidly across the blood-brain and blood-CSF barriers. Most studies report a striking similarity between the ratio of maximum concentrations v the base line concentrations of CSF HVA and CSF 5-HIAA. In the present study the ratio was about 2 in both 5-HIAA and HVA, which agrees with previous results (table 1) . In studies in which monoamine concentrations in lumbar CSF have been compared with concentrations in CSF removed simultaneously from the ventricles, HVA and 5-HIAA concentrations in the lateral ventricles have been estimated to be up to threefold to 10-fold those in lumbar CSF.9384"2 The ventriculolumbar gradients were 4: 1 and 5: 1, respectively, in nine patients with AHS.'8 The plateau phase in later CSF fractions in this study, using a lumbar CSF tap technique, with a lower maximum ratio of CSF HVA and 5-HIAA compared with studies with simultaneous measurement from lumbar and ventricular CSF may be explained by some of the following mechanisms. These variables may also explain the increasing confidence intervals in the later CSF portions (fig 1A-F) .
Mixing of CSFfrom different compartments
When CSF pressure is lowered by CSF removal, as in this study, CSF in the system as well as newly formed CSF will flow towards the lumbar puncture needle. The initial fractions are composed of CSF from adjacent regions, both caudal and rostral to the lumbar puncture needle. As the drain continues, the spinal subarachnoid space is gradually emptied and the net CSF volume is replaced by dilatation of the extradural veins44 and CSF from the intracranial compartments. During this phase the CSF pressure declines and will fall below the sagittal sinus pressure. When this happens, CSF from the ventricles as well as CSF in the cortical subarachnoid space will flow towards the lumbar region. This implies a mixture of CSF from different 
